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1 0 111 

Description 

The present invention relates to a syringe 
assembly as defined in the preamble of claim 1 
and known from US— A— 3 939 833. 5 

Generally speaking, a hypodermic syringe con- 
sists of a cylindrical barrel, most commonly made 
of thermoplastic material such as polypropylene, 
with a distal end adapted to be connected to a 
hypodermic needle and a proximal end adapted 10 
to receive a stopper and plunger rod assembly. 
One of the purposes of the stopper is to provide a 
relatively air tight seal between itself and the 
syringe barrel so that movement of the stopper 
up and down the barrel will cause liquid medica- is 
tion, blood or other fluids to be drawn into or 
forced out of the syringe through the distal end. 
The stopper is moved along the syringe barrel by 
applying axial force to the rigid plunger rod which 
is connected to the stopper and is sufficiently long 20 
as to be accessible outside of the barrel. The 
stopper should be sufficiently flexible so that it 
will seal the inside diameter of the barrel without 
requiring excessive force to move it up and down 
the barrel. 25 

In order to assure an air tight seal between the 
syringe barrel and the stopper, known prior art 
stoppers are manufactured with a larger outside 
diameter than the inside diameter of the syringe 
barrels they will be used in (US— A— 3 939 833). 30 
The syringe-stopper combination is designed 
such that the stopper, when introduced into the 
syringe barrel, is compressed enough to provide 
adequate pressure between the syringe and the 
stopper to seal this interface. As a result of this 35 
configuration, the interface of the stopper and the 
syringe barrel maintains, at all times, a sealing 
pressure capable of withstanding the challenges 
of filling and injecting even though this mag- 
nitude of sealing pressure is not required when 
the syringe is not in use. 

The stopper is chemically stable so that unde- 
sirable amounts of the various chemical com- 
ponents of the stopper do not enter the liquid 
contained in the syringe. Since hypodermic 
syringes are frequently used to inject medication 
into .a human body or to withdraw blood for 
subsequent analysis it is not desirable to have 
stoppers introduce foreign substances which can 
adversely affect the patient or the blood analysis. 
Hypodermic syringe stoppers are most 
commonly made of materials such as natural 
rubber or butyl rubber. Although the rubber 
stoppers have desirable physical properties they 
possess a number of disadvantages. For example, 
rubber stoppers contain additional chemical com- 
ponents such as fillers and vulcanizing 
accelerators which can exude to the surface and 
contact the liquid in the syringe wherein blood 
test results or medication efficacy may be 
effected. The problem is further aggravated when 
there is long term storage of liquid medication in 
the hypodermic syringe. Also, rubber stoppers 
are expensive to manufacture due to the long 
mold cycle time required by the vulcanization 
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step which takes place while the stoppers are in 
the mold. 

Recognizing the above-mentioned deficiencies 
in rubber stoppers, it was desirable to provide a 
syringe stopper made of a thermoplastic material 
(DE— A— 1 292 787). Normally, thermoplastic 
stoppers are less expensive to manufacture due 
to shorter molding cycle times which result in 
improved productivity of the molding machinery. 
The undesirable effects of fillers and vulcanizing 
agents on the liquid contents of the syringe would 
be eliminated since these rubber additives are not 
necessary in the production of thermoplastic 
stoppers. Also, the complexity of drug compatibil- 
ity testing may be greatly reduced when thermo- 
plastic syringe stoppers are used since both the 
barrel and the stopper may be constructed of 
materials that have similar chemical properties. In 
addition, the thermoplastic stopper may provide 
improved stability and increased shelf life for 
liquid medications stored in the syringe. 

A major disadvantage of using a thermoplastic 
stopper is that over a period of time the stopper 
can achieve a compression set. That is, the 
stresses of the interference fit between the stop- 
per and the syringe barrel can cause cold flow of 
the thermoplastic stopper material and thus the 
outside diameter of the stopper can become 
reduced and the stopper may no longer effec- 
tively seal the contents of the syringe. 

The three known assemblies according to 
US— A— 3 939 833; US— A— 3 930 492 and 
DE — B — 1 292 787 are provided with a tapered 
plunger tip conformed to the configuration of a 
recess formed in the flexible stopper or a com- 
ponent part of it and being tightly surrounded by 
the wall of the recess for securely fastening of the 
flexible stopper in locked relation to the plunger 
rod. This results in the fact that no variable 
40 sealing pressure can be attained in order to 
relieve the flexible stopper from permanent 
stresses of the interference fit between the stop- 
per and the syringe barrel. Cold flow of thermo- 
plastic stopper materials will therefore affect seal- 
45 ing efficiency of the stopper. 

With the above-mentioned deficiencies in mind, 
it is desired to provide a hypodermic syringe 
assembly which is designed so that a thermo- 
plastic stopper may be used and wherein the 
50 stopper will not be adversely affected by com- 
pression set after assembly in the syringe barrel. 
It is further desired to provide a thermoplastic 
syringe stopper which can provide increased 
chemical stability in order to improve long term 
55 storage capabilities, reduce interaction with 
liquids in the syringe and reduce the complexity 
of drug compatability testing. It is also desired to 
provide a syringe stopper that can be manufac- 
tured with reduced cycle times on conventional 
60 injection molding equipment. 

These problems are solved by the characteriz- 
ing features of claim 1 and subclaims 2 — 8. 

As a result of the outwardly directed force 
component the exterior surface applies more 
65 sealing pressure to the syringe barrel inside wall 
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than the pressure existing as a result of the 
exterior surface being larger than the syringe 
barrel inside wall. Simultaneously, a component 
of the applied driving force along the plunger rod 
moves the stopper and the fluid contained in the 
syringe along the barrel to the exterior of the 
syringe. 

In accordance with the principles of the present 
invention a number of advantages and objectives 
are achieved. The present invention allows an 
initial interference fit of less normal force 
between the outside wall of the stopper and the 
syringe barrel inside wall of an assembled syringe 
than the interference fit of the components of 
known syringe assemblies. With the present 
invention it is only necessary to have an initial 
interference fit which creates sufficient pressure 
to contain a fluid in the syringe. The initial 
interference fit does not have to create enough 
pressure to allow drawing fluid into the syringe or 
expelling fluid from the syringe without leakage 
between the stopper and the syringe barrel since 
the present invention increases the sealing 
pressure when a driving force is applied along the 
plunger rod. This lower initial interference fit 
results in lower stresses in the stopper when it is 
assembled in the syringe barrel. Therefore, a 
thermoplastic syringe stopper may be used since 
the possibility of compression set, which will 
adversely affect the function of a syringe with a 
thermoplastic stopper, is reduced. Accordingly, 
the present invention provides for the use of a 
syringe stopper which does not have fillers and 
vulcanizing agents and is therefore less likely to 
interact with or contaminate the contents of the 
syringe. The thermoplastic syringe stopper offers 
the potential for increased shelf life for drugs 
which are packaged in the syringe and reduces 
the potential for adversely affecting the results of 
laboratory tests involving fluid from the syringe. 
A reduction in the complexity and the time 
required for drug compatability testing is now 
possible since both the syringe barrel and the 
stopper can be made of thermoplastic materials. 
Also, increased productivity is possible due to the 
lower manufacturing cycle time of injection 
molded thermoplastics with respect to compres- 
sion molded rubber parts. 

Brief Description of the Drawings 

Fig. 1 is a side elevation view of a preferred 
plunger rod assembly of the present invention; 

Fig. 2 is an enlarged side elevation view of the 
distal end of a plunger rod of the preferred 
plunger rod assembly of the present invention; 

Fig. 3 is an enlarged front elevation view of the 
distal end of the plunger rod of Fig. 2. 

Fig. 4 is an enlarged side elevation of a flexible 
stopper of the preferred plunger rod assembly of 
the present invention; 

Fig. 5 is an enlarged cross-sectional view of the 
stopper of Fig. 4 taken along line 5 — 5; 

Fig. 6 is a side elevation view of a syringe 
assembly containing the preferred plunger rod 
assembly of the present invention; 


Fig. 7 is a partial cross-sectional view of the 
syringe assembly of Fig. 6 taken along line 7 — 7 
thereof; 

Fig. 8 is an enlarged partial side view of Fig. 7 
5 showing selected forces in action when the pre- 
ferred plunger rod assembly of the present inven- 
tion is used to expel fluid from a syringe barrel; 

Fig. 9 is an enlarged partial side view of Fig. 7 
showing selected forces in action when the pre- 
10 ferred plunger rod assembly of the present inven- 
tion is used to draw fluid into a syringe barrel; 

Fig. 10 is an enlarged side elevation view of the 
distal end of a plunger rod of an alternative 
embodiment of a plunger rod assembly of the 
75 present invention; 

Fig. 11 is an enlarged cross-sectional view of a 
stopper adapted to fit the plunger rod of Fig. 10; 

Fig. 12 is an enlarged partial cross-sectional 
view of an alternative plunger rod assembly using 
20 the plunger rod of Fig. 10 and the stopper of Fig. 
11; 

Fig. 13 is an enlarged side elevation view of the 
distal end of a plunger rod of another alternative 
embodiment of a plunger rod assembly of the 
25 present invention; and 

Fig. 14 is an enlarged cross-sectional view of a 
stopper adapted to fit the plunger rod Fig. 13. 

Detailed Description 

30 While this invention is satisfied by embodi- 
ments in many different forms, there is shown in 
the drawings and will herein be described in 
detail preferred embodiments of the invention 
with the understanding' that the present dis- 

35 closure is to be considered as exemplary of the 
principles of the invention and is not intended to 
limit the invention to the embodiments illus- 
trated. The scope of the invention will be 
measured by the appended claims and their 

40 equivalents. 

The plunger rod assembly of the present inven- 
tion has many uses and one such use is in a 
syringe as described hereinafter. 
Turning to Figs. 1—5 and to Fig. 1 in particular, 

45 the preferred embodiment of the variable sealing 
pressure plunger rod assembly of the present 
invention is illustrated. A plunger rod assembly 
20 generally includes a flexible stopper 26 and a 
plunger rod 27. 

50 As best shown in Figs. 1 — 3 plunger rod 27 
includes an elongate shaft portion 32 defining a 
longitudinal axis 34. A front portion 35 is located 
at the distal end of the shaft portion. This front 
wall is preferably a flat surface in a plane sub- 

55 stantially perpendicular to the longitudinal axis. A 
circular forward tapered plunger rod wall 36 
intersects the front portion and tapers outwardly 
from this intersection along longitudinal axis 34. 
A circular rear tapered plunger rod wall 37 is 

60 connected to the forward tapered plunger rod 
wall and is tapered inwardly from this connection 
along longitudinal axis 34 until it terminates at a 
rear portion 39. The rear portion is substantially in 
a plane intersecting the longitudinal axis. An 

65 undercut neck portion 40 is connected to rear 
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portion 39 and to structural flange 41. 

A disc shaped member 42 is provided at the 
proximal end of the elongate shaft portion of the 
plunger rod. It is desirable that the disc shaped 
member be substantially perpendicular to longi- 
tudinal axis 34 and that it will be larger in 
diameter than the largest dimension of the elon- 
gate shaft portion taken in a plane perpendicular 
to longitudinal axis 34. Disc shaped member 42 is 
a convenient structure for applying forces to 
move the plunger rod with respect to the syringe 
barrel. A central portion 44 of the plunger rod is 
contained between structural flange 41 and disc 
shaped member 42. The central portion may 
assume a variety of cross-sectional shapes 
including circular or a plus sign shaped rib struc- 
ture. It is desirable that the central portion be 
almost as large as the inside diameter of the 
syringe barrel so that it will assist in keeping the 
plunger rod assembly concentrically aligned 
within the syringe barrel. It is preferred that 
plunger rod 27 be of one piece construction, 
however, it is within the purview of this invention 
to include multipiece plunger rods, such as the 
type used with some prefilled syringes, which are 
assembled at the time of use. 

As best illustrated in Figs. 4 and 5, flexible 
stopper 26 includes an annular side wall 45 
circumscribing a stopper longitudinal axis 46. A 
front wall 47 intersects the stopper longitudinal 
axis and is integral with the side wall. An annular 
exterior front rib 49 is formed at the intersection 
of the front wall and the side wall. An annular rear 
edge 50 is located at the end opposite the front 
wall and is integral with the annular side wall. An 
annular exterior rear rib 51 is formed at the 
intersection of the side wall and the rear edge, 
with front rib 49 and rear rib 51 being larger in 
diameter than the syringe barrel inside wall. Also, 
an annular exterior recess 52 is positioned 
between and is of smaller diameter than the front 
rib and the rear rib. 

The interior of stopper 26 includes a front inside 
surface 54 of front wall 47 and a forward tapered 
annular inside wall 55 which intersects the front 
inside surface and is tapered outwardly from this 
intersection along stopper longitudinal axis 46. 
The forward tapered annular inside wall is 
inclined at approximately the same angle as 
forward tapered plunger rod wall 36 and lies 
adjacent thereto when the stopper and the 
plunger rod are assembled (as seen by briefly 
referring to Figs. 7—9). The interior of stopper 26 
also contains a reartapered annular inside wall 56 
connected to the forward tapered annular inside 
wall and tapered inwardly from this connection 
along the stopper longitudinal axis and terminat- 
ing at rear edge 50. The rear tapered annular 
inside wall is inclined at approximately the same 
angle as rear tapered plunger rod wall 37 and lies 
adjacent thereto when the stopper and the 
plunger rod are assembled. Forward tapered 
annular inside wall 55 and rear tapered annular 
inside wall 56 are both preferably integral with 
annular side wall 45. 


Turning now to Figs. 6 — 7, the plunger rod 
assembly of the present invention is incorporated 
in a syringe barrel 21 having a cylindrical inside 
wall 22. This syringe barrel is provided with a 

s proximal open end 24 to receive the plunger rod 
assembly and a distal end adapted to receive and 
be in fluid communication with fluid delivery 
means, such as a hypodermic needle 25. The 
syringe barrel usually includes a flange 29 which 

io is a convenient structure for holding the syringe 
when the plunger rod is being moved in and out 
to draw fluids into or expel fluids from the interior 
of the barrel 30. Many syringe barrels contain a 
printed scale 31 on the exterior of the barrel so 

is that the user may determine the amount of fluid 
drawn into or expelled from the syringe. 

In use, a hypodermic syringe with needle 
attached, as shown in Fig. 6, may be filled with 
liquid medication from a known and available 

20 vial, which is not shown. The syringe is filled by 
piercing and penetrating the pierceable closure of 
a vial containing the medication with hypodermic 
needle 25 and manually pushing the plunger rod 
so that the stopper moves toward the needle thus 

25 forcing air into the vial and increasing the air 
pressure in the vial. Then, the needle tip 28 
submerged in the liquid medication, the stopper 
is withdrawn by pulling the plunger rod so that 
the medication is drawn through the needle into 

30 the syringe. The filled syringe is then used to 
inject medication into the patient by piercing and 
penetrating the desired area of the patient's body 
with the hypodermic needle and then applying 
manual force to the plunger rod in order to move 

35 the stopper along the inside wall of the syringe 
and force the medication through the needle into 
the patient. 

The pressure exerted by a stopper on the inside 
wall of a syringe must be large enough to ade- 

40 qgately seal this interface in order to prevent 
liquid medication from escaping while it is being 
injected into the patient and to prevent air from 
entering the interior of the syringe barrel when 
medication is being drawn into the syringe from a 

45 medication vial. 

Referring to Figs. 1 — 9 with particular emphasis 
on Figs. 8—9, variable sealing pressure plunger 
rod assembly 20 of the present invention, when 
assembled in a syringe barrel, functions as 

so follows. When externally applied force A is 
applied to the elongate shaft portion of the 
plunger rod, along longitudinal axis 34 in the 
direction of the stopper, it creates a force com- 
ponent B which is directed substantially out- 

55 wardly from the interface of forward tapered 
plunger rod wall 36 and forward tapered annular 
inside wall 55. As a result of force component B 
annular exterior front rib 49 applies more sealing 
pressure to the syringe barrel cylindrical inside 

so wall than the initial pressure existing as a result of 
the front rib being larger than the syringe barrel 
inside wall. Simultaneously, a force component C 
of applied force A moves the stopper and the fluid 
contained in the syringe along the syringe barrel 

65 toward the distal end of the syringe. 
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When force D is applied to the elongate shaft 
portion along longitudinal axis 34 in a direction 
away from the stopper, as seen in Fig. 9, it creates 
a force component E which is directed sub- 
stantially outwardly from the interface of rear 
tapered plunger rod -wall 37 and rear tapered 
annular inside wall 56. As a result of force com- 
ponent E annular exterior rib 51 applies more 
sealing pressure to the syringe barrel cylindrical 
inside wall than the initial pressure existing as a 
result of rear rib 51 being larger than the syringe 
barrel cylindrical inside wall. At the same time, a 
force component F of applied force D moves the 
stopper along the syringe barrel away from the 
distal end of the syringe thus drawing fluid into 
the syringe. An interior facing annular ring 23 in 
the syringe barrel is adapted to engage a step 
portion 33 on the plunger rod to help prevent the 
inadvertent removal of the plunger rod assembly 
from the syringe barrel while filling the syringe 
with medication. 

It is preferred that front wall 47 of the stopper 
be concavely shaped and include a rigid center 
section 57 and a thinner radially projecting con- 
cave front wall portion 59, as more clearly illus- 
trated in Fig. 5. When fluid is being drawn into the 
syringe a low pressure area is created within the 
interior of the syringe barrel. The resulting suc- 
tion force, shown as force component L in Fig. 9, 
will pull on front wall 47. With the concave 
structure the suction force pulls on center section 
57 which produces a compression force in con- 
cave front wall portion 59 which in turn increases 
the sealing pressure being applied by exterior 
front rib 49 to the syringe barrel cylindrical inside 
wall. 

It is also preferred that front inside surface 54 of 
the stopper be adjacent to front portion 35 of-the 
plunger rod. When fluid is being expelled from 
the syringe, front portion 35 presses against 
concave center section 57 of the flexible stopper. 
This pressing force is shown as force component 
H in Fig. 8. Component H forces the center section 
outwardly which produces a compression force in 
concave front wall portion 59 which in turn 
increases the sealing pressure being applied by 
exterior front rib 49 to the syringe barrel cylindri- 
cal inside wall. 

There are cases where a convexly shaped stop- 
per, as shown in Figs. 11,12 and 14, is required to 
reduce the amount of medication lost in the 
syringe. However, in these cases the suction force 
encountered when fluid is being drawn into the 
syringe will pull on the front wall of a convexly 
shaped stopper tending to pull the exterior front 
rib away from the syringe barrel cylindrical inside 
wall. This tendency can be minimized by increas- 
ing the stiffness of the stopper front wall by 
making it thicker or by suppling internal structural 
ribs. Also, medication loss may be reduced in the 
concave stopper structure by enlarging the rigid 
center section in a direction along the stopper 
longitudinal axis. 

It is preferred that both forward tapered plunger 
rod wall 36 and rear tapered plunger rod wall 37 


have a substantially continuous smooth surface 
so that outwardly directed forces B and E, respec- 
tively, are transmitted uniformly to the stopper 
ribs, thus tending to provide uniform sealing 

5 pressure between the stopper ribs and the 
cylindrical inside wall. 

Figs. 10 — 12 show an alternative embodiment 
of the plunger rod assembly of the present inven- 
tion. This embodiment is similar to the previously 

;o described preferred embodiment except that the 
plunger rod tip and the stopper inside wall are 
only tapered in one direction. Here the plunger 
rod assembly comprises a plunger rod 76 and a 
flexible cup-shaped stopper 77. Plunger rod 76 

rs includes a rigid elongate shaft portion 79 having a 
circular tapered tip portion 80 at the distal end 
thereof The tapered tip is smallest at the distal 
end of the plunger rod and is tapered outwardly 
along the elongate shaft portion. 

20 Stopper 77 includes an annular side wall 81, a 
front wall 82 connected to the side wall, and an 
exterior surface 84 of the annular side wall which 
is larger in diameter than the receptacle inside 
wall. The interior of stopper 77 includes an inside 

25 surface 85 of front wall 82, a tapered annular 
inside wall 86 connected to the annular side wall 
and the inside surface. Tapered annular inside 
wall 86 and inside surface 85 define a cavity 90 
which has the tapered tip portion received therein 

30 as can be seen in Fig. 12. Tapered annular inside 
wall 86 is inclined at approximately the same 
angle as tapered tip portion 80 and is adjacent 
thereto, when assembled. When the plunger rod 
assembly of this embodiment is placed in a 

35 receptacle, such as a syringe, and a driving force 
is applied along elongate shaft portion 79 in the 
direction of stopper 77, a force component is 
created. This force component is directed sub- 
stantially outwardly from the interface of tapered 

40 tip portion 80 and tapered annular inside wall 86, 
in a manner similar to the previously described 
embodiment. The result is that exterior surface 84 
applies more sealing pressure to the receptacle 
inside wall than the pressure existing as a result 

45 of the exterior surface being larger than the 
receptacle inside wall. Simultaneously, a com- 
ponent of the applied driving force along the 
elongate shaft portion in the direction of the 
stopper moves the stopper and the fluid con- 

50 tained in the receptacle in the direction of this 
force component. No outwardly directed force 
component is created unless the plunger rod 
assembly is in a receptacle which offers 
- resistance to the motion of the stopper. This 

55 resistance will be created by making the recep- 
tacle inside diameter smaller than the stopper 
outside diameter. 

In order to maintain the positional relationship 
of the stopper and the plunger rod and to hold 

60 tapered tip portion 80 adjacent to tapered annular 
inside wall 86 flexible flange 87 and groove 89 are 
provided. Flexible flange 87 is connected to and 
extends inwardly from annular side wall 81 at the 
end opposite front wall 82. Groove 89 in the 

65 plunger rod is sized and shaped to accept flange 
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87 which is received therein. The groove is posi- 
tioned inwardly adjacent to tapered tip portion 80. 

Figs. 13 — 14 show another alternative embodi- 
ment of the plunger rod assembly of the present 
invention. This alternative embodiment is similar 
to the embodiment described by Figs. 10 — 12 
except that, as will be described, the direction of 
the tapered surfaces is reversed. Here the plunger 
rod assembly consists of a plunger rod 100 and a 
flexible cup-shaped stopper 101. Plunger rod 100 
includes a rigid elongate shaft portion 102 having 
a circular tapered tip portion 104 at the distal end 
thereof. The diameter of the tapered tip is largest 
at the distal end of the plunger rod and is tapered 
inwardly along the elongate shaft portion. 

Stopper 101 includes an annular side wall 105, a 
front wall 106 connected to the side wall, and an 
exterior surface 107 of the annular side wall which 
is larger in diameter than the inside wall of a 
receptacle, such as a syringe, into which the 
stopper fits. The interior of stopper 101 includes 
an inside surface 109 of front wall 106, a tapered 
annular inside wall 110 connected to the annular 
side wall and the inside surface. Tapered annular 
inside wall 110 and inside surface 109 define a 
cavity 112. The assembly of plunger rod 100 and 
stopper 104 is not shown, but is similar to the 
previous embodiments. When these components 
are assembled cavity 112 has tapered tip portion 
104 received therein. Tapered annular inside wall 
110 is inclined at approximately the same angle 
as tapered tip portion 104 and is adjacent thereto. 
When the receptacle, such as a syringe, and when 
a driving force is applied along the elongate shaft 
portion, in a direction away from the stopper, 
exterior surface 107 applies more pressure to the 
receptacle inside wall than the pressure existing 
as a result of the exterior surface being larger 
than the receptacle inside wall. 

Although the plunger rod assembly of the 
present invention is being described for use with 
a circular syringe barrel or circular receptacle it is 
understood that the principles of the present 
invention also apply for use in a noncircular 
receptacle or barrel. 

Syringe barrels are usually made of plastic such 
as polypropelene or glass. It is common practice 
to lubricate the interior of the syringe barrel and/ 
or the exterior of known stoppers with medical 
grade lubricant such as silicone lubricant. The 
lubricant allows the stopper to move freely along 
the interior of the barrel even when there is no 
liquid in the interior of the syringe barrel. The 
plunger rod may be constructed of a wide variety 
of materials since, in most applications, adequate 
strength and reasonable cost are the major con- 
siderations. Possible plunger rod materials 
include polyropylene and polystyrene. Certain 
thermoplatic materials, having a durometer read- 
ing of from 30 to 90 on the Shore A scale, may be 
used in manufacturing a thermoplastic stopper. 
Preferred stopper materials include, but are not 
limited to, polyurethane, polyolefin elastomers 
and polyamide block amide. Since the plunger 
rod assembly of this invention is preferably 


sterile, when used in medical applications, all 
materials should be chosen to accommodate the 
sterilization process. 
Thus, there has been provided in accordance 

5 with the present invention a method and an 
apparatus for moving fluid along a conduit and 
more particularly a variable sealing pressure 
plunger rod assembly useful in a syringe in which 
the stopper may be constructed of thermoplastic 

io material. 

Claims 

1. A syringe assembly comprising: 
is a syringe barrel (21) having a cylindrical inside 
wall (22), an open end (24) at the proximal end of 
said barrel (21), a distal end adapted to receive 
and be in fluid communication with fluid delivery 
means; 

20 a plunger rod (27; 76; 100) including a rigid 
elongate shaft portion (32; 79; 102) defining a 
longitudinal axis and having a circular tapered tip 
portion (35; 80; 1 04) at the distal end thereof, said 
shaft portion (32; 79; 102) being sufficiently long 

25 as to be accessible outside of said syringe barrel 
(21); and a flexible stopper (26; 77; 101) contained 
within said syringe barrel (21), and including an 
annular side wail (45; 81; 105) circumscribing a 
longitudinal axis, a front wall (47; 82, 106) inter- 

30 secting said longitudinal axis and being integral 
with said side wall (45; 81; 105), an annular rib 
(48; 84; 107) being larger in diameter than said 
side wall (45; 81 ; 105) and being integral with said 
side wall (45; 81; 105), said rib (49; 84; 107) being 

35 larger in diameter than said syringe barrel 
cylindrical inside wall (22), an inside surface (54; 
85; 109) of said front wall (47; 82; 106), an annular 
rear edge at the end opposite said front wall (47; 
82; 106) and being integral with said annular side 

40 wall (45; 81; 105); 

a tapered annular inside wall (55; 86; 110) 
extending from said inside surface (54; 85; 109) 
and being integral with said side walls (45; 81; 
105), said tapered annular inside wall (55; 86; 110) 

45 and said inside surface (54; 85; 109) defining a 
cavity (90; 1 1 2) which has said tapered tip portion 
(35; 80; 104) received therein, said tapered annu- 
lar inside wall (55; 86; 110) being inclined at 
approximately the same angle as said tapered tip 

so portion (35; 80; 104) and adjacent thereto charac- 
terized in that the tapered tip portion (35; 80; 104) 
of the plunger rod (27; 76; 100) is received in the 
cavity (90; 112) of the flexible stopper (26; 77; 
101) with axial clearance allowing axial move- 

55 ment between the tapered tip portion (35; 80; 
104) and the flexible stopper (26; 77; 101) 
whereby force applied to said shaft portion (32; 
79; 102) in the direction of descending taper of 
said tapered tip portion (35; 80; 104) creates a 

60 force component which is directed substantially 
outwardly from the interface of said tapered tip 
portion (35; 80; 104) and said tapered annular 
inside wall (55; 86; 110) wherein said rib (49; 84; 
107) applies more pressure to said syringe barrel 

65 cylindrical wall (22) than the initial pressure exist- 
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ing as a result of said rib (49; 84; 107) being larger 
than said syringe barrel inside wall (22). 

2. A syringe assembly of claim 1 wherein the 
plunger rod tip portion is provided with 

a circular forward tapered plunger rod wall (36) 
intersecting a front portion (35) and tapering 
outwardly from said intersection along said longi- 
tudinal axis (34); and wherein the flexible stopper 
(26) is provided with 

a forward tapered annular inside wall (55) 
intersecting said front inside surface (54) and 
being tapered outwardly from said intersection 
along said longitudinal axis (46), 

characterized by 

a circular rear tapered plunger rod wall (37) 
connected to said forward tapered plunger rod 
wall (36) and tapering inwardly from said connec- 
tion along said longitudinal axis (34); 

a rear portion (39) of said rear tapered plunger 
rod wall (37) being substantially in a plane inter- 
secting said longitudinal axis (34); and 

an undercut neck portion (40) connected to said 
rear portion (39) and by 

a rear tapered stopper inside wall (56) con- 
nected to said forward tapered stopper inside wall 
(55) and being tapered inwardly from said con- 
nection along said longitudinal axis (46) and 
terminating at said rear edge (50), said rear 
tapered stopper inside wall (56) being integral 
with said side wall (45).' 

3. Syringe assembly of claim 1, characterized in- 
that the tapered plunger tip portion (80) is 
smallest at the distal end of said plunger rod (76) 
and tapering outwardly along said elongate shaft 
portion (79) and that the tapered annular inside 
walls (86) of the flexible stopper (77) is inclined at 
approximately the same angle as said tapered 
plunger tip portion (80) and adjacent thereto. 

4. Syringe assembly of claim 1, characterized in 
that the tapered plunger tip portion (104) is 
largest at the distal end of said plunger rod (100) 
and tapering inwardly along said elongate shaft 
portion (102) and that the tapered annular inside 
wall (110) of the flexible stopper (101) is inclined 
at approximately the same angle as said tapered 
plunger tip portion (104) and adjacent thereto. 

5. Syringe assembly of claims 1 and 2, charac- 
terized in that the front wall (47) of the flexible 
stopper (26) is concavely shaped. 

6. Syringe assembly of claims 1 and 3 or 4, 
characterized in that the front wall (82, 106) of the 
flexible stopper (77; 101) is convexly shaped. 

7. Syringe assembly of claims 1—6, charac- 
terized in that the stopper (26; 77; 1 01 ) is made of 
thermoplastic material. 

8. Syringe assembly of claim 7, characterized in 
that the thermoplastic material is selected from 
the group consisting of polyurethane, polyolefin 
elastomers and polyamide block amide. 

Patentanspruche 

1. Spritzenvorrichtung, bestehend aus: 
einem Spritzenzylinder (21) mit einer zylin- 
drischen Innenwand (22), einem offenen Ende 


(24) am proximalen Ende des Zylinders (21) und 
einem distalen Ende, an das eine mit dem distalen 
Ende in Fluidverbindung stehende Fluidiiberlei- 
tungsvorrichtung anschlieBbar ist; 

5 einer Kolbenstange (27; 76; 100) mit einem 
starren langgestreckten Schaftteil (32; 79; 102), 
der eine Langsachse definiert und an seinem dis- 
talen Ende einen kreisformigen verjungten Kopf- 
teil (35; 80; 104) aufweist, wobei der Schaftteil 

10 (32; 79; 102) lang genug ist, urn auBerhalb des 
Spritzenzylinders (21) zuganglich zu sein; 

und einem flexiblen Stopfen (26; 77; 101), der 
in dem Spritzenzylinder (21) untergebracht ist und 
der aufweist: eine eine Langsachse umgebende 

75 ringformige Seitenwand (45; 81; 105); eine 
Vorderwand (47; 82; 106), welche die Langsachse 
schneidet und einstiickig mit der Seitenwand (45; 
81; 105) ausgebildet ist, eine ringformige Rippe 
(49; 84; 107), deren Durchmesser groBer ist als 

20 derjenige der Seitenwand (45; 81; 105) und die 
einstiickig mit der Seitenwand (45; 81; 105) aus- 
gebildet ist, wobei der Durchmesser der Rippe 
(49; 84; 107) groBer ist als derjenige der zylin- 
drischen Innenwand (22) des Spritzenzylinders, 

25 eine Innenflache (54; 85; 109) der Vorderwand 
(47; 82; 106), und einen ringformigen hinteren 
Rand an dem der Vorderwand (47; 82; 106) 
gegeniiberliegenden Ende, der einstiickig mit der 
ringformigen Seitenwand (45; 81; 105) geformt 

30 ist; 

eine verjungte ringformige Innenwand (55; 86; 
110), die sich ausgehend von den Innenflache (54; 
85; 109) erstreckt, einstiickig mit der Seitenwand 
(45; 81; 105) ausgebildet ist und mit der Innen- 

35 flache (54; 85; 109) einen Hohlraum (90, 112) 
bildet, der den verjiingten Kopfteil (35; 80; 104) 
aufnimmt, wobei die verjungte ringformige 
Innenwand (55; 86; 110) etwa unterdem gleichen 
Winkel geneigt ist wie der abgeschragte Kopfteil 

40 (35; 80; 104) und sich in dessen Nahe befindet, 
dadurch gekennzeichnet, daB der verjungte Kopf- 
teil (35; 80; 104) der Kolbenstange (27; 76; 100) in 
dem Hohlraum (90; 112) des flexiblen Stopfens 
(26; 77; 101) mit Axialspiel aufgenommen ist, 

45 welches eine Axialbewegung zwischen dem ver- 
jiingten Kopfteil (35; 80; 104) und dem flexiblen 
Stopfen (26; 77; 101) erlaubt, wodurch eine auf 
den Schaftteil (32; 79; 102) in Richtung der abfall- 
enden Schrage des verjungten Kopfteils (35; 80; 

50 104) ausgeiibte Kraft eine Kraftkomponente 
erzeugt, die von der Grenzflache zwischen dem 
verjungten Kopfteil (35; 80; 104) und der verjiing- 
ten ringformigen Innenwand (55; 86; 110) im 
wesentlichen nach auBen gerichtet ist, wobei die 

55 Rippe (49; 84; 107) auf die zylindrische Wand (22) 
des Spritzenzylinders Druck ausiibt, der groBer ist 
als der Anfangsdruck, welcher sich dadurch er- 
gibt, daB die Rippe (49; 84; 107) groBer ist als die 
Innenwand (22) des Spritzenzylinders. 

so 2. Spritzenvorrichtung nach Anspruch 1, bei der 
der Kopfteil der Kolbenstange versehen ist mit 

einer kreisformigen, nach vorne verjungten 
Kolbenstange-Wand (36), die einen Stirnabschnitt 
(35) schneidet und langs der Langsachse (34) von 

55 der Schnittlinie nach auBen hin abgeschragt ist, 
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und bei der der flexible Stopfen (26) versehen ist 
mit 

einer nach vorne verjiingten ringformigen 
Innenwand (55), welche die vordere Innenflache 
(54) schneidet und langs der Langsachse (46) von s 
der Schnittlinie nach aulSen hin abgeschragt ist, 

gekennzeichnet durch 

eine kreisformige, nach hinten verjiingte 
Kolbenstangen-Wand (37), die mit der nach vorne 
verjiingten Kolbenstangen-Wand (36) verbunden to 
und langs der Langsachse (34) von dieser Verbin- 
dungsstelle einwarts abgeschragt ist; 

einen hinteren Teil (39) der nach hinten ver- 
jiingten Kolbenstange-Wand (37), der im wesent- 
lichen in einer die Langsachse (34) schneidenden 15 
Ebene liegt; und 

einen hinterschnittenen Halsteil (40), der mit 
dem hinteren Teil (39) verbunden ist und 

durch eine nach hinten verjiingte Stopfen- 
Innenwand (56), die mit der nach vorne verjiing- 20 
ten Stopfen-lnnenwand (55) verbunden ist, langs 
der Langsachse (46) von dieser Verbindungsstelle 
einwarts abgeschragt ist und an dem hinteren 
Rand (50) endet, wobei die nach hinten verjiingte 
Stopfen-lnnenwand (56) einstiickig mit der 25 
Seitenwand (45) ausgebildet ist. 

3. Spritzenvorrichtung nach Anspruch 1, da- 
durch gekennzeichnet, daft der verjiingte Kolben- 
kopfteil (80) am distalen Ende der Kolbenstange 

(76) am kleinsten ist und langs der langgestreck- 30 
ten Schaftteils (79) nach aulSen hin abgeschragt 
ist, und dalS die verjiingte ringformige Innenwand 
(86) des flexiblen Stopfens (77) etwa unter dem 
gleichen Winkel geneigt ist wie der verjiingte 
Kolbenkopfteil (80) und sich in dessen nahe be- 35 
findet. 

4. Spritzenvorrichtung nach Anspruch 1, da- 
durch gekennzeichnet, dalS der verjungte Kolben- 
kopfteil (104) am distalen Ende der Kolbenstange 
(100) am grofcten ist und langs des langgestreck- 40 
ten Schaftteils (102) nach innen hin abgeschragt 

ist, und dalS die verjungte ringformige Innenwand 
(110) des flexiblen Stopfens (101) etwa unter dem 
gleichen Winkel geneigt ist wie der verjungte 
Kolbenkopfteil (104) und sich in dessen nahe be- 45 
findet. 

5. Spritzenvorrichtung nach Anspruch 1 oder 2, 
dadurch gekennzeichnet, dalS die Vorderwand 
(47) des flexiblen Stopfens (26) konkav geformt 

ist. 50 

6. Spritzenvorrichtung nach Anspruch 1 und 3 
oder 4, dadurch gekennzeichnet, dalS die Vorder- 
wand (82, 106) des flexiblen Stopfens (77; 101) 
konvex geformt ist. 

7. Spritzenvorrichtung nach Anspruch 1—6, da- 55 
durch gekennzeichnet, dalS der Stopfen (26; 77; 

101) aus thermoplastischem Material hergestellt 
ist. 

8. Spritzenvorrichtung nach Anspruch 7, da- 
durch gekennzeichnet, dalS das thermoplastische eo 
Material aus der Gruppe Polyurethan, Polyolefin- 
elastomeren und Polyamidblockamid ausgewahlt 

ist. 
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Revendications 

1. Ensemble formant seringue comprenant: 

— un tube (21) de la seringue comportant une 
paroie interieure cylindrique (22), une extremite 
ouverte (24) situee au niveau de I'extremite proxi- 
male dudit tube (21), une extremite distale adap- 
tee de maniere a recevoir des moyens de deliv- 
rance d'un fluide et a etre en communication 
fluidique avec ces moyens; 

— une tige de piston (27; 76; 100) comportant 
partie en forme de tige rigide allongee (32; 79; 
102) definissant un axe longitudinal et possedant 
une partie circulaire en forme de pointe conique 
(35; 80; 104) situee au niveau de I'extremite 
distale de ladite partie en forme de tige, ladite 
partie en forme de tige (32; 79; 102) etant 
suffisamment longue pour etre accessible a 
I'exterieur dudit tube (21) de la seringue, et un 
bouchon elastique (26; 77; 101) loge a i'interieur 
dudit tube (21) de la seringue et comportant une 
paroi laterale annulaire (45; 81; 105) s'etendant 
autour d'un axe longitudinal, une paroi avant (47; 
82; 106) coupant ledit axe longitudinal et etant 
reliee d'un seul tenant a ladite paroi laterale (45; 
81; 105), une nervure annulaire (49; 84; 107) 
possedant un diametre superieur a celui de ladite 
paroi laterale (45; 81; 105) et etant reunie d'une 
seul tenant a cette paroi laterale (45; 81; 105), 
ladite nervure (49; 84; 107) possedant un diame- 
tre superieur au diametre de ladite paroi inte- 
rieure cylindrique (22) du tube de la seringue, une 
surface interieure (54; 85; 109) de ladite paroi 
avant (47; 82; 106) et un bord annulaire arriere 
menage sur I'extremite situee a I'oppose de ladite 
paroi avant (47; 82; 106) et etant reunie d'un seul 
tenant a ladite paroi laterale annulaire (45; 81; 
105); 

— une paroi interieure annulaire conique (55; 
85; 110), qui s'etend a partir de ladite surface inte- 
rieure (54; 85; 109) et est solidaire de ladite paroi 
laterale (45; 81; 105), ladite paroi interieure annu- 
laire conique (55; 86; 110) et ladite surface inte- 
rieure (54; 85; 109) definissant une cavite (90; 
112) qui contient ladite partie en forme de tete 
conique (35; 80; 104) logee a I'interieur de cette 
cavite, ladite paroi interieure annulaire conique 
(55; 86; 110) etant inclinee approximativement 
sous le meme angle que ladite partie en forme de 
tete conique (35; 80; 104), et ce dans une position 
adjacente a cette partie, 

caracterise en ce que la partie en forme de tete 
conique (35; 80; 104) de la tige de piston (27; 76; 
100) est logee dans la cavite (90; 1 12) du bouchon 
elastique (26; 77; 101) moyennant la presence 
d'un jeu axial permettant un deplacement axial 
entre la partie en forme de tete conique (35; 80; 
104) et le bouchon elastique (26; 77; 101), cequi a 
pour effet qu'une force appliquee a ladite partie 
en forme detige (32; 79; 102) dans la direction du 
cone descendant de ladite partie en forme de tete 
conique (35; 80, 104) cree une composante de 
force qui est dirigee sensiblement vers I'exterieur 
a partir de I'interface entre ladite partie en forme 
de tete conique (35; 80; 104) et ladite paroi inte- 


15 0 11 

rieure annulaire conique (55; 86; 110), ladite ner- 
vure (49; 84; 107) appliquant a ladite paroi cylin- 
drique (22) du tube de la seringue une pression 
plus importante que la pression initiale existant, 
etant donnee que ladite nervure (49; 84; 107) est 
plus large que ladite paroi interieure (22) du tube 
de la seringue. 

2. Ensemble formant seringue selon la revendi- 
cation 1, dans laquelle la partie en forme de tete 
de la tige de piston comporte 

— une paroi circulaire conique avant (36) qui 
intersecte une partie avant (35) et se retrecit vers 
I'exterieur a partir de ladite intersection, dans la 
direction dudit axe longitudinal (34); et dans 
lequel le bouchon elastique (26) comporte 

— une paroi interieure annulaire conique avant 
(55) intersectant ladite surface interieure avant 
(54) et etant inclinee vers I'exterieur a partir de 
ladite intersection, dans la direction dudit axe 
longitudinal (46), 

caracterise par 

— une paroi conique arriere circulaire (37) de la 
tige de piston, raccordee a ladite paroi conique 
avant (36) de la tige de piston et etant inclinee 
vers I'interieur a partir dudit raccordement, dans 
la direction dudit axe longitudinal (34); 

— une partie arriere (39) de ladite paroi conique 
arriere (37) de la tige de piston etant situee 
sensiblement dans un plan intersectant ledit axe 
longitudinale (34); et 

— une partie en forme de col en depouille (40) 
raccordee a ladite partie arriere (39), et par 

— une paroi interieure arriere conique (56) du 
bouchon raccordee a ladite paroi interieure coni- 
que avant (55) du bouchon et etant inclinee vers 
I'interieur a partir dudit raccordement, dans la 
direction de I'axe longitudinal (46), et se termi- 
nant au niveau dudit bord arriere (50), ladite paroi 
interieure arriere conique (56) du bouchon etant 
solidaire de ladite paroi laterale (45). 
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3. Ensemble formant seringue selon la revendi- 
cation 1, caracterise en ce que la partie en forme 
de tete conique (80) du piston est plus petite au 
niveau de I'extremite distale de ladite tige de 

5 piston (76) et est inclinee vers I'exterieur le long 
de ladite partie en forme de tige allongee (79), et 
que la paroi interieure annulaire conique (86) du 
bouchon elastique (77) est inclinee approxi- 
mativement sous le meme angle que ladite partie 

w en forme de tige conique (80) du piston et est 
adjacente a cette partie. 

4. Ensemble formant seringue selon la revendi- 
cation 1, caracterise en ce que la partie en forme 
de tete conique (104) du piston est plus large au 

15 niveau de I'extremite distale de ladite tige de 
piston (100) et est inclinee vers I'interieur le long 
de ladite partie en forme de tige allongee (102) et 
que la paroi interieure annulaire conique (110) du 
bouchon elastique (101) est inclinee approxi- 

20 mativement sur le meme angle que ladite partie 
en forme de tete conique (104) du piston et est 
adjacente a cette partie. 

5. Ensemble formant seringue selon les reven- 
dications 1 et 2, caracterise en ce que la paroi 

25 avant (47) du bouchon elastique (26) possede une 
forme concave. 

6. Ensemble formant seringue selon Tune quel- 
conque des revendications 1 et 3 ou 4, caracterise 
en ce que la paroi avant (82; 106) du bouchon 

30 elastique (77; 101) possede une forme convexe. 

7. Ensemble formant seringue selon I'une quel- 
conque des revendications 1—6, caracterise en ce 
que le bouchon (26; 77; 101) est realise en une 
matiere thermoplastique. 

35 8. Ensemble formant seringue selon la revendi- 
cation 7, caracterise en ce que la matiere thermo- 
plastique est choisie dans le groupe comprenant 
le polyurethane, des elastomeres de polyolefine 
et une polyamide-bloc-amide. 

40 
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